A LW background with intensity J 21 =100 present from the initial redshift drastically reduces the H 2 abundance and suppresses collapse in minihalos. Effective cooling, in the form of Ly-α emission, does not begin until z≈12 when our target halo has a virial mass of ~3x10 7 M sun , virial radius ≈750 pc, and virial temperature ~10 4 K. Gas in this halo is able to isothermally collapse at T~8000 K. When the maximum gas density reaches ~200 cm -3 along this collapse, the H 2 cooling rate finally surpasses the adiabatic heating rate. This additionally marks the moment when H 2 begins self-shielding from LW radiation, reducing its effective photodissociation rate. These two effects produce a thermal instability that leads to the formation of a dense, 10 4 cm -3 , cold, T<1000 K, 'self-shielding core' where further collapse will be able to take place, in rough accord with expectations from one-zone models [4] .
! We use the adaptive mesh refinement (AMR) code FLASH [6] to run a cosmological simulation including both dark matter and gas. Cosmological initial conditions are generated at z=145 in a 1 Mpc 3 (comoving) box with 3 hierarchical levels of dark matter refinement. Our dark matter particle mass resolution is 230 M sun and our baryonic grid mass resolution is 0.1 M sun at the maximum refinement level. Our chemical model tracks the nonequilibrium abundances of H, H + , e-, H 2 + , H -, H 2 , He, He + , He ++ , D, D + , and HD. A LW radiation flux is incident from the six faces of the box with intensity J 21 =100, where J 21 has units of 10 -21 erg s -1 cm -2 sr -1 Hz -1 . We additionally track the non-local H 2 and HD column density to each point in the box to accurately compute the effect of selfshielding.
When the gas density reaches a density n=10 8 cm -3 , we create sink particles which accrete gas directly from the computational grid and effectively cap the gas density, permitting the simulation to proceed for many free-fall times. We use the sink particle methodology of [7] which utilizes aggressive creation checks beyond a density threshold, reducing the potential for artificial sink particle formation. State of the simulation at its end, 3.5x10 5 years after sink particle formation. We show mass-weighted line-of-sight gas density projections on progressively smaller scales. The self-shielding core of cold gas is most evident in the bottom left panel. A disk around the sink particle ~0.1 pc in diameter is seen face-on in the bottom right panel.
Introduction!

Lyman-Werner Radiation Delayed Collapse of Metal-Free Gas in the First Galaxies
! The birth of metal-free stars, Pop III, is thought to have occurred under two different modes of formation. Pop III.1 stars formed from gas completely unaffected by previous star formation while Pop III.2 stars formed from gas radiatively influenced by previous stellar generations, but still containing no metals [1] .
! One form of radiative feedback that may have been set up by the first stars is a Lyman-Werner (LW) radiation background [2] . LW photons, with energies between 11.2 eV < hν < 13.6 eV, are capable of photodissociating H 2 , the key cooling agent in metal free gas below 10 4 K. In doing so, the LW radiation field delays gaseous collapse, and thus star formation, until the assembly of more massive halos where in which atomic line cooling becomes effective and H 2 can begin to shield itself from LW radiation [3, 4] .
In this work, we explore this scenario with a high resolution cosmological simulation. We focus our study on how star formation proceeds in this system, the nature of gravitational fragmentation, and the efficiency and rate in which gas is converted into stars.
Additionally, this LW-radiation delayed collapse scenario has been suggested as a potential formation mechanism for metal-free stellar clusters with sufficient luminosities to be detectable with the James Webb Space Telescope (JWST) [5] . To vet this possibility we attempt to place limits on the stellar mass of the resultant starburst.! Volume-weighted density probability distribution functions (PDF) of selfshielding gas at various times from sink particle creation. The power-tail at high densities develops with time due to gas self-gravity. The width of the log-normal fit from the final PDF shown is consistent with expectations of the Mach number derived from idealized numerical experiments of driven turbulence [e.g., 8].
The HD cooling time t cool,HD and the free-fall time t ff as a function of density. The HD cooling time is always longer than t ff , meaning HD cooling is not thermodynamically significant. We attribute this to partial H 2 photo-dissociation (as first suggested by [9] ) and the low free electron fraction when H 2 cooling becomes effective.
Gas density as a function of distance from the sink particle 10 5 years after sink formation. A clump's density must lie above a solid line (found by equating the free-fall time with the H 2 photodissociation time [10] ) for its collapse to occur before its supply of H 2 photodissociated. Given reasonable values for the source LW photon production rate, star formation may be strongly suppressed by internal LW feedback. Color represents the H 2 abundance. Approximately 3 Myr after, cold gas reaches a state with density ~10 4 cm -3 and temperature ~400 K. Gas which further collapses converges towards the fiducial Pop III.1 thermodynamic track, shown by the solid line.
3.5x10 5 years later the thermodynamic state is qualitatively similar to before, but modified slightly by the turbulent environment in the self-shielding gas. Also notable is a suppression of gas which is able to reach densities > 10 6 cm -3 .
Density--temperature phase plots at three representative times in the gas collapse. Here we see gas isothermally collapsing at T~8000K which has just reached the density, n~200 cm -3 , where H 2 cooling becomes effective resulting in a thermal instability.
Insignificant HD Cooling! Strong Internal LW Feedback!
With a LW intensity J 21 =100 in a 1 Mpc 3 (comoving) box, effective H 2 cooling first occurs in a 3x10 7 M sun dark matter halo at z ≈ 12. The resultant thermal instability leads to a cold, dense core with characteristic size ~5 pc and ~10 4 M sun of cold gas available for star formation.
Due to the amount of cold gas and the typical cold gas accretion rate, the resulting starburst will not be visible in future JWST surveys [5, 11] . Lower LW intensities, while having the effect of increasing the cold gas mass, do not seem to be able push the cluster into JWST detection limits.
Given the gas thermodynamic evolution and the absence of significant HD cooling, we argue that Pop III.2 star formation delayed by LW radiation is very similar to Pop III.1 star formation. Pop III.1 = LW-delayed Pop III.2 ?
